Objectives: To examine intake of fruits and vegetables in smokers and non-smokers. Design: Secondary analysis using general linear modelling approaches. Food intake measured using a food frequency questionnaire approach. Setting: The community (the population of the province of Ontario, Canada). Subjects: Members of the general public (n ¼ 38,000). Results: Smokers ate substantially less fruit and fruit juice then non-smokers with heavy smokers eating the least. Heavy smokers were between four and six times more likely to be eating less fruit than recommended. Similar but less marked differences were noted for vegetable intake. Smokers also obtained a larger part of their total caloric intake from fats. Conclusions: While smoking cessation remains the primary target for lung cancer prevention, attention should also be given to dietary interventions in smokers in order to improve their nutrition. Such interventions might also be expected to reduce the risk of other cancers (e.g. colon cancer).
1
. Dietary intake, particularly the low intake of fruits and vegetables, has also been established as a risk factor for various cancers, including lung cancer 2 . In 1992, Block et al. 2 published a comprehensive review of the evidence linking diet to lung cancer risk. Of 25 studies which examined nutrient intake, 24 found a significantly lower risk of lung cancer in people who ate 'high' amounts of vegetables and fruits (RR around 0.5). This protective effect persisted after adjustment for smoking and on stratified analysis within subgroups of smokers. Hence, knowledge of the dietary habits of smokers can contribute to an understanding of their risk of lung cancer.
Several studies have examined the intake of foods [3] [4] [5] [6] [7] [8] and nutrients [3] [4] [5] 7, 9 in smokers compared to nonsmokers in people living in the USA, The Netherlands and England. In general, the data suggest that smokers, and in particular heavy smokers (20 or more cigarettes per day), have a somewhat lower intake of vegetables and a markedly lower intake of fruits. In some studies, this translates into lower intake of nutrients such as vitamins A, C and E, and b-carotene.
The present study employs data from the Ontario Health Survey (OHS) to replicate these observations on the relationship between smoking and food/nutrient intake in a random sample of Canadian residents. These results support the published literature in suggesting that the diets of smokers place them at higher risk of developing lung cancer than from their smoking habit alone.
Methods

The Ontario Health Survey
The OHS was conducted by the Ontario Ministry of Health in 1990. The detailed survey methods are available from other sources 10 and only a summary of the relevant aspects will be presented here. The OHS employed complex multistage area sampling methods to obtain a sample of 35,479 Ontario dwellings. The province was stratified into 42 primary strata with each stratum being substratified into rural and urban strata. The primary sampling units were the enumeration areas from the 1986 Canadian census. Within each stratum, an average of 46 enumeration areas was selected using probability proportional to estimated population size. Within each selected enumeration area, a complete list of dwellings was produced and a random selection of 15 urban, or 20 rural, dwellings was chosen. All people living in the selected dwellings were eligible for study. A self-administered questionnaire was completed by each person in the household over the age of 12. This questionnaire addressed a variety of personal health matters including smoking and nutrition. Response to this questionnaire was 77.2%. For this analysis, children under age 18 were excluded, yielding completed questionnaires from 43,954 people (20,431 male and 23,523 female).
Measurement of variables
The self-administered questionnaire included an 82-item food frequency questionnaire (FFQ) which was used to estimate usual food intake 11 . This questionnaire was developed for the OHS and was modelled after that of Block et al. 12 . Validation information has been published by Bright-See et al. 13 . For each food item, information was obtained concerning the usual frequency of consumption and the usual serving size. Using data from the Canadian Nutrient Data File, the food frequency information was converted into estimated intake for a range of nutrients using processes developed for the OHS research offices 14 . Estimated intake for each food item was converted into serving-size units. For reporting in this article, attention was focused on food items which were either vegetables, fruits or juices. These were further classified into several larger groupings for reporting (Appendix 1). Nutrient estimates are based on the entire FFQ, not just the fruit and vegetable items.
All subjects were asked about their current smoking habits and the amount smoked per day. ). Subjects who reported eating excessive amounts of any of the food items (amounts which were more than five standard deviations above the mean intake) were excluded from all analyses leaving a final sample size of 40,085 (91.2%). The sample size for the analyses was further reduced through missing data on the measured variables using a listwise deletion approach.
In addition to reporting estimated intake, subjects were compared for adherence to suggested cut-points for increased cancer risk. Block et al. 2 , in their discussion of diet and lung cancer, present several cut-points which have been used in the literature to identify groups at increased risk of developing cancer. For comparison purposes, the fruit and vegetable intake was classified according to four of these criteria (under three servings of fruit or fruit juice per week; under three servings of fruit per week; under 11 servings of fruit and vegetables per week; under 200 g of vegetables per day).
Statistical analysis
General linear modelling approaches were adopted to examine differences in food and nutrient intake in the five smoking groups. Sex-specific analyses are reported and all analyses are adjusted for age, education, BMI and daily energy intake. All analyses are weighted to reflect the differential probability of subject selection to the sample. Weights were provided by the OHS research office and include a postsampling adjustment Much larger differences were noted for fruit and juice intake. Heavy Smokers reported eating fewer servings of fruit and juice than did Never Smokers (between 50 and 80% of the number eaten by Never Smokers). For fruit intake in women, there was evidence that the five smoking groups had different intakes with a doseresponse gradient with amount smoked. A similar pattern was present for men, achieving statistical significance for citrus juice intake.
Data on intake of selected nutrients is presented in Table 3 (based on the entire FFQ). For men, all comparisons were statistically significant although for two nutrients (vitamin A and niacin), the significance was marginal given the multiple comparisons performed. For women, most comparisons were strongly significant, except for riboflavin, vitamin A and calcium. Compared to Never Smokers, Heavy Smokers have 'meaningfully' lower intake of calcium (in men only), vitamin C and fibre. They have a higher intake of cholesterol and obtain a larger proportion of their total caloric intake from fat. Little difference was noted for the intake of niacin, riboflavin, thiamin and vitamin A. Post-hoc comparisons revealed strong differences between Heavy and Moderate Smokers Table 4 . For the first three criteria, there is a strong and statistically significant increase in likelihood of eating poorly as the amount smoked increases. The differences are most pronounced for the standards based on fruit intake alone. For the standard involving 
Discussion
Results from the OHS show that smokers eat less healthy diets than non-smokers. This is particularly noticeable for fruit intake in which Heavy Smokers eat between 20 and 50% fewer servings of fruit per week and are between four and eight times more likely to eat under three servings of fruit per week. Intake of cruciferous vegetables is lower in smokers. Smokers also eat a diet which provides more calories from fat and has higher amounts of cholesterol and smaller amounts of fibre and calcium than do non-smokers. There is some evidence for a dose-response effect with Former Smokers being similar to Never Smokers with increasingly poor diet as the amount currently smoked increases. In contrast to other studies, the OHS data provide no evidence that smokers have lower intakes of vitamin A. Since the OHS did not obtain information about use of vitamin supplements, this cannot be due to increased intake of vitamin supplements by smokers. The basis for this discrepancy is not clear. However, since reduced vitamin A and retinoid intake is consistently linked to increased cancer risks 15 , the intake of vitamin A in smokers has important public health implications.
The FFQ employed in the OHS omitted several items which would have been useful for a more definitive estimation of vegetable and fruit intake (e.g. grapefruit, mushrooms, celery). In other cases, items were grouped into one category when separate information would have been more useful (e.g. 'apple and other citrus juice', 'any other vegetables including Brussel sprouts and cabbage'). Further, some sources of vegetable and fruit intake (e.g. from mixed dishes such as casseroles) were not explicitly included in the scoring of the questionnaire. This complicates the estimation of the intake of certain food groups (e.g. cruciferous vegetables and citrus fruits). The point estimates of the intake of these groups should be interpreted with some caution. One should also be cautious in interpreting the FFQ estimates because of the well-known problems associated with dietary assessment using the methodology 13 . The estimated absolute food intake (servings per week) and nutrient intake are higher in the present study than reported in other projects 4, 7, 8 . This might reflect differences in the methods used to obtain the dietary information. However, even with the higher mean intakes than reported in the literature, a large proportion of smokers fail to eat enough fruit and fruit juice to meet the standards expected to reduce cancer risk. This is particularly true for heavy smokers.
Regular smoking is a strong risk factor for cancer. If smokers also eat a diet low in fruit and vegetables, they are at even higher risk of cancer. A comprehensive cancer prevention intervention for smokers should adopt a multifactorial approach and include dietary counselling with respect to increasing fruit and vegetable intake.
